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Abstract A sample of 111 Fermi blazars each with a
well-established radio core luminosity, broad-line lumi-
nosity, bolometric luminosity and black hole mass has
been compiled from the literatures.We present a sig-
nificant correlation between radio core and broad-line
emission luminosities that supports a close link between
accretion processes and relativistic jets. Analysis re-
veals a relationship of LogLBLR ∼ (0.81± 0.06)LogL
C
R
which is consistant with theoretical predicted coef-
ficient and supports that blazar jets are powered
by energy extraction from a rapidly spinning Kerr
black hole through the magnetic field provided by
the accretion disk. Through studying the corre-
lation between the intrinsic bolometric luminosity
and the black hole mass, we find a relationship
of LogLinL⊙ = (0.95± 0.26)Log
M
M⊙
+ (3.53± 2.24) which
supports mass-luminosity relation for Fermi blazars de-
rived in this work is a powerlaw relation similar to that
for main-sequence stars. Finally, EVOLUTIONARY
SEQUENCE OF BLAZARS is discussed.
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1 INTRODUCTION
Blazars are the most violent type of active galactic nu-
clei(AGNs), showing some extreme observational prop-
erties, such as high and variable luminosity, superlumi-
nal motions in the radio components, high γ-ray emis-
sion, no emission lines or emission lines that are very
strong, etc.(e.g. Aller et al. 1992, 2003; Andruchow et
al. 2005; Cellone et al. 2007; Fan et al. 2010; Zheng et
al. 2008). The extremely observational properties are
explained as being due to a beaming effect. The emis-
sions from the jet are strongly boosted in the observes
frame. Generally, blazars are divided into two sub-
classes, which contain BL Lacertae objects(BL Lacs)
and Flat Spectrum Radio Quasars(FSRQs). FSRQs
have strong emission lines, while BL Lac objects have
only very weak or nonexistent emission lines. The typ-
cally division between FSRQs and BL Lacs is mainly
based on the Equivalent Width(EW) of the emission
lines. Objects with rest frame EW > 5 A˚ are classi-
fied as FSRQs (see e.g. Urry & Padovani 1995). The
BL Lacs are divided into subclasses as follows: X-ray
selected BL Lac objects(XBLs) and radio selected BL
Lacs(RBLs) from surveys. Based on the spectral en-
ergy distribution(SED), the BL Lacs also can be di-
vided into three subclasses, namely, highly peaked BL
Lac object(HBLs), intermediate objects(IBLs) and low
frequency peaked BL Lac objects(LBLs)(Padovani &
Giommi 1995). For the BL Lac objects and FSRQs,
Ghisellini et al. (2011) proposed a physical distinction.
Based on the luminosity of the broad line region mea-
sured in Eddington units, and the dividing line is of
the order of LBLR/LEdd ∼ 5× 10
−4. The result also
was confirmed by Sbarrato et al. (2012).
In astrophysics, the relation between highly relativis-
tic jets and accretion processes in active galactic nuclei
(AGN) is one of the most fundamental open problems.
In current theoretical models of the formation of the
2jet, power is generated through accretion and then ex-
tracted from the disk /black hole (BH) rotational en-
ergy and converted into the kinetic power of the jet
(Blandford & Znajek 1977; Blandford & Payne 1982).
Both of these two cases, the magnetic field must play
an important role in channeling power from the BH or
the disk into the jet. Both of these scenarios it should
be sustained by matter accretion onto the BH, lead-
ing to the relation between the accretion power and jet
power (Maraschi & Tavecchio 2003). The jet-disk con-
nection has been extensively explored by many authors
and in different ways (e.g., Rawlings & Saunders 1991;
Falcke & Biermann 1995; Serjeant et al. 1998; Cao&
Jiang 1999; Wang et al. 2004; Liu et al. 2006; Xie et
al. 2007; Gu et al. 2009; Ghisellini et al. 2009, 2010,
2011; Sbarrato et al. 2012). Serjeant et al. (1998)
found a significant correlation between radio and op-
tical emission for a sample of steep-spectrum quasars.
The result presents direct evidence for a close link be-
tween accretion onto BHs and the fueling of relativistic
jets. Cao & Jiang (1999) found a significant correlation
between radio and broad-line emission for a sample of
radio-loud quasars. Czerny et al. (2004) analyzed the
consequences of the hypothesis that the formation of
broad-line regions (BLRs) is intrinsically connected to
the existence of cold accretion disks.
Because of blazars showing some extreme observa-
tional properties, so we adopt blazars as the laborato-
ries to study the physics of relativistic jets and accre-
tion disks. We also study the mass-luminosity relation,
accretion rate-luminosity relation and evolutionary se-
quence of blazars. The results may be very interesting.
Urry & Padovani (1995) found their emission (from ra-
dio to gamma rays) is dominated by the beamed non-
thermal continuum produced in the jet. The luminosity
of the broad-line emission can be taken as an indica-
tor of the accretion power of the objects (Celotti et al.
1997), and also known that the radio core luminosity
is an indicator of jet power (Blandford & Konigl 1979).
The connection between the subclasses of blazars has
been studied by many authors (e.g., Sambruna et al.
1996; Ghiselliniet al. 1998; Xie et al. 2001). But,
it is still uncertain whether the different subclasses
of blazars are connected through an evolutionary se-
quence, or whether they are in limited periods of AGN
activity on parallel evolutionary paths (Bo¨ttcher & Der-
mer 2002). Vagnetti, Cavaliere, & Giallongo (1991)
were based on the radio-optical analysis of the evolu-
tion which contain a very small number of BL Lacs and
suggested that there might be no need for two separate
unified schemes for the FSRQs and BL Lac objects.
However, Padovani (1992) studied the relation between
BL Lacs and FSRQs. He gave the result that an evo-
lutionary connection between the two subclasses is not
supported by the intrinsic properties of the two sub-
classes, that is, the extended radio emissions and line
luminosities are significantly different. Ghisellini et al.
(1998) studied these differences used a large sample of
blazar and found an increase of peak frequency in a
sequence of FSRQs and BL Lac objects. But D’Elia
& Cavaliere (2001) proposed another view about these
problems. They argued that BL Lac objects are mainly
powered by the rotational energy extraction of central
supermassive black holes (SMBHs) via the BZ mech-
anism, while FSRQs require a dominant contribution
from the accretion of the central SMBHs.
The Large Area Telescope on board the Fermi γ-
ray Space Telescope has been scanning the entire γ-ray
sky approximately once every three hours since July of
2008. We have entered in a new era of blazars research
(Abdo et al. 2009, 2010; Ackermann et al. 2011). Up to
now, the second catalog of AGNs detected by LAT has
been released. The second LAT AGN catalog (2LAC)
includes 1017 γ-ray sources located at high galactic lat-
itudes (|b| > 10◦) that are detected with a test statistic
(TS) greater than 25 and associated statistically with
AGNs (Ackermann et al. 2011). We define a clean sam-
ple which includes 886 AGNs, which have 395 BL Lac
objects, 310 FSRQs, 157 candidate blazars which un-
known type, 8 misaligned AGNs, 4 narrowline Seyfert
1 (NLS1s), 10 AGNs of other types, and 2 starburst
galaxies (Ackermann et al. 2011). The Fermi LATs
has higher sensitivity than EGRET and nearly uniform
sky coverage. So it becomes a powerful tool for inves-
tigating the properties of large populations.
In this paper, we study the relation between lumi-
nosity of the broad-line emission (LBLR) and the radio
core luminosity (LCR) at 5 GHz of Fermi blazars. We
also study the mass-luminosity relation, the accretion
rate-luminosity relation for Fermi blazars and the na-
ture of the FSRQs-BL Lac objects relationship. The
structure of this paper is as follows: in section 2 we
present the sample. In section 3 we give the results.
Our discussions are presented in section 4. We provide
conclusion in section 5. In this paper, we adopt the cos-
mological parameters H0 = 70Kms
−1Mpc−1, Ωm = 0.3,
ΩΛ = 0.7.
2 THE SAMPLES
We collected the largest samples of Fermi blazars and
got broad line luminosity, black hole mass and cross-
correlated these samples with clean blazars detected by
Fermi LAT. We cross-correlated them with the follow-
ing samples which get the core flux at 5 GHz. Firstly
we got the broad-line data and black hole from Xiong
3et al. (2014) and they collected the largest samples of
Fermi blazars with broad-line data. Secondly, we con-
sidered the following samples of blazars to get core flux
of 5 GHz: Dodson et al. (2008), Laurent-Muehleisen
et al. (1997), Gu et al. (2009), Giroletti et al. (2004),
Jorstad et al. (2004), Wajima et al. (2006). At last,
we cross-correlated these samples with the samples of
Nemmen et al. (2012) and Finke et al. (2013) to get
the beaming factor and the synchrotron peak luminos-
ity respectively. In total, we have a sample containing
111 clean Fermi blazars which have 73 FSRQs and 38
BL Lacs.
2.1 The broad-line luminosity
Celotti et al. (1997) estimate the total luminosity emit-
ted in broad lines, LBLR. They considered fluxes for
the following lines: Lyα, CIV, MgII, Hγ, Hβ and Hα,
which are amongst the major contributors to the to-
tal LBLR(making up in fact about 60 percent of it)
and are well identified in quasar spectra. They gave
a total observed luminosities in a certain number of
broad lines
∑
i Li,obs, the total LBLR can be calculated
as LBLR =
∑
i Li,obs
<L∗BLR>∑
i
L∗
i,est
. Where
∑
i L
∗
i,est was the
sum of the luminosities from the same lines, the total
< L∗BLR > = 555.77. But not all emission lines we can
be obtained for the sources. So some authors used one
particular broad line multiplied by a scaling factor to
obtain the LBLR(e.g. Liu et al. 2004; Wang et al. 2006;
Xiong et al. 2014). Our broad line data are collected
from Xiong et al. (2014). Xiong et al. (2014) collected
the largest group of Fermi blazars which contain the
broad-line luminosity. These samples were derived by
scaling several strong emission lines to the quasar tem-
plate spectrum of Francis et al. (1991), and used Lyα
as a reference. The luminosity of emission lines of the
blazars in SDSS DR7 Quasar sample had been taken
by Sbarrato et al. (2012). They had followed Celotti
et al. (1997) to calculate the total luminosity of the
broad lines. Particularly they set Lyα flux contribu-
tion to 100, and the relative weight of Hα, Hβ, MgII
and CIV lines to 77, 22, 34 and 63 respectively. The to-
tal broad-line flux was fixed at 555.77. Their broad-line
luminosity had been derived using these proportions.
Shaw et al. (2012) reported on optical spectroscopy
of 229 blazars in the Fermi 1LAC sample and Shen et
al. (2011) had spectrally analyzed SDSS DR7 Quasar
sample. Because our luminosity of emission lines are
from Shaw et al. (2012) and Shen et al. (2011), and we
used similar method of Sbarrato et al. (2012) to cal-
culate broad-line luminosity. But, we found that some
objects of broad-line luminosity are distinct from dif-
ferent samples with our results. The possible reasons
are that using lines to calculate broad-line luminosity
is different and variability also can cause the difference
of them. In these sources, we used average broad-line
luminosity instead. So we get the largest samples of
Fermi blazars contain broad-line luminosity.
2.2 The core luminosity of radio at 5 GHz
In section 2.1, we get the largest samples of Fermi
blazars contain broad-line luminosity. For the aim
of study the correlation between broad-line luminos-
ity and radio core luminosity. We use Fermi samples of
introduced in section 2.1 to cross-correlated the Fermi
samples from literatures which have the radio core flux
at 5 GHz. So we get the largest Fermi samples not only
contain the broad-line luminosity, but the radio core
flux at 5 GHz.
For our samples, we can obtain the core flux at 5
GHz except for the following 15 samples:0133+476;
0403-132; 0420-014; 0458-020; OG 050; 0605-085;
GB6 J0654+5042; B2 1324+22; B3 1417+385; 2155-
152; PKS 2209+236; 2223-052; PKS 2227-08; TXS
2331+073; 2345-16. But we can get the core flux at
1.4 GHz. For these sources, we obtained their core flux
at 1.4 GHz from Cooper et al. (2007). We use the rela-
tion expression Sν ∝ ν
−α, where α is the corresponding
spectral index, to extrapolate the core flux at 5 GHz.
We adopt α = 0 for the radio core flux. For these
sources which we obtain their core flux, we adopted
K-corrected by using equation:
Sν = S
obs
ν (1 + z)
α−1 (1)
Where α is the corresponding spectral index. αR = 0.0
(Cheng et al. 2000). For the aim to study the rela-
tion between the broad-line luminosity and radio core
luminosity, we need to calculate the core luminosity of
radio at 5 GHz. Venters et al. (2009) gave the relation
Lν = 4pid
2
LSνto calculate the luminosity. Where dL is
luminosity distance.
dL(z) =
c
H0
(1 + z)
z∫
0
[ΩΛ +Ωm(1 + z
′
)3]−1/2dz
′
(2)
So we can obtain the related luminosity of our sources.
2.3 The intrinsic bolometric luminosity
For the aim to study the correlation between the in-
trinsic bolometric luminosity and black hole mass. We
need to obtain the bolometric luminosity and black
hole mass. Nemmen et al. (2012) established a phys-
ical analogy between AGNs and γ-ray bursts (GRBs).
4A typical view in their work was that γ-ray lumi-
nosity of blazars and GRBs considered beaming ef-
fect. They computed intrinsic luminosity, L, for blazars
by correcting observation which is γ-ray luminosity of
isotropically equivalent,Liso, for the beaming factor fb,
such that L = fbL
iso. For blazars, fb was estimated by
1− cos1/Γ where Γ was the bulk Lorentz factor of the
flow, since jet opening angle θj of AGNs obey θ < 1/Γ
(Jorstad et al. 2005; Pushkarev et al. 2009). Using
VLBI and VLBA, Hovatta et al. (2009) and Pushkarev
et al. (2009) calculated the variability Lorentz factors
Γvar. The bulk Lorentz factors of Nemmen et al. (2012)
were from the results of Hovatta et al. (2009) and
Pushkarev et al. (2009).
Nemmen et al. (2012) gave another way to estimate
the bolometric luminosity. The equation as follows:
Lisobol = L
iso + Lisosyn (3)
Where Lisobol is the bolometric luminosity, L
iso is γ-ray lu-
minosity of isotropically equivalent, Lisosyn is the isotrop-
ically equivalent luminosity of the synchrotron peak.
We got Lisosyn from Finke et al. (2013). There are nine
sources that we can not obtain the luminosity of the
synchrotron peak from Finke et al. (2013). These
sources are as follows: PKS 0302-623; PKS 0308-611;
0716+714; OJ 451; S4 0913+39; 1424-418; 1622-253;
B2 1846+32; PKS 2005-489. For these sources, we use
the relation was given by Meyer et al. (2011) to cal-
culate the luminosity of the synchrotron peak. The
equation as follows:
LogLpeak = 0.61(±0.01)(LogL5GHZ− 43)
+45.68(±0.02)erg · s−1
(4)
Where LogL5GHZ is the total luminosity of 5 GHz.
We computed the intrinsic bolometric luminosity as
Lbol = fbL
iso
bol, using the opening angle or beaming fac-
tor to correct Lisobol. Because of estimating the fb for
blazars rely on the bulk Lorentz factors Γ which are
not available for all blazars. So in the samples of Nem-
men et al. (2012), they used the anti-correlation be-
tween Lisobol and fb as an estimator of fb for the blazars
without measurements of Γ. So for our samples, we use
the similar way to calculate the intrinsic bolometric lu-
minosity. We obtained the Liso from Nemmen et al.
(2012). If we can not found the Liso from Nemmen et
al. (2012), we used Lν = 4pid
2
LSν to calculate the L
iso.
2.4 Black hole mass and accretion rates
Some authors used traditional virial method to estimate
the black hole mass for FSRQs(e.g. Woo & Urry 2002;
Wang et al. 2004; Liu et al. 2006; Sbarrato et al. 2012;
Chai et al. 2012; Shaw et al. 2012; Shen et al. 2011).
We get black hole masses from Xiong et al. (2014). For
the BL Lac objects, the black hole masses can be es-
timated from the properties of their host galaxies with
either MBH − σ or MBH − L relations. Where σ and
L are the stellar velocity dispersion and the bulge lu-
minosity of the host galaxies (e.g. Woo & Urry 2002;
Zhou & Cao 2009; Zhang et al. 2012; Sbarrato et al.
2012; Chai et al. 2012).
We want to study the relation between the accre-
tion rate and the intrinsic bolometric luminosity. So
we need to another parameter, accretion rates, which
is an important parameter for understanding the na-
ture of blazars. Xie et al. (2004) was based on ac-
cretion disk theory and the relativistic beaming model
of blazars, used the total bolometric observed luminos-
ity divided by δ3+α and Eddington luminosity and got
the intrinsic accretion rates. Ghisellini et al. (2011)
and Sbarrato et al. (2012) have studied the relation
between Lγ/LEdd and LBLR/LEdd. They obtained the
dividing line is of LBLR/LEdd ∼ 5× 10
−4. Xiong et al.
(2014) revisited divide line between BL Lacs and FS-
RQs proposed by Ghisellini et al. (2011) and Sbar-
rato et al. (2012). They obtained the divide line is
of LBLR/LEdd ∼ 10
−3 corresponding to M˙/M˙Edd = 0.1
(Ld ≈ 10LBLR, M˙Edd ≡ LEdd/c
2, Ld = ηM˙c
2, η = 0.1).
In addition, Ghisellini et al. (2010) studied general
physical properties of bright Fermi blazars and found
that there is a divide between BL Lacs and FSRQs oc-
curring at M˙/M˙Edd = 0.1. Following Ghisellini et al.
(2010), Xiong et al. (2014) gave the formula about cal-
culating the M˙/M˙Edd as follows:
M˙/M˙Edd ≡
M˙c2
1.3× 1038(M/M⊙)
(5)
For FSRQs, M˙ is given by M˙ = Ld/(ηc
2), with η = 0.1
and for BL Lacs, M˙ is given by M˙ = Pjet/c
2. We obtain
the accretion rate using equation (5).
The relevant data are listed in Table 1 with the
following headings: column (1), the 2FGL name of
sources; column (2), other name; column (3), classi-
fication of source: bzb=BL Lacs, baq=FSRQs; column
(4), redshift of sources; column (5), the core flux den-
sity at 5 GHz in units of Jy; column (6), the references
of column (5); column (7), logarithm of black hole mass
of sources from Xiong et al. (2014) in units of M⊙; col-
umn (8), the logarithm of beaming factor fb from Xiong
et al. (2014); column (9), the luminosity of the syn-
chrotron peak from Finke et al. (2013); column (10),
observation γ-ray luminosity of isotropically equivalent;
column (11), the logarithm of intrinsic bolometric lumi-
nosity in units of erg · s−1; column (12), the logarithm
of broad-line luminosity from Xiong et al. (2014) in
5units of erg · s−1 ; column (13), the accretion rate in
Eddington unit which is given by equation (5).
3 RESULTS
3.1 The distributions
In Fig.1, we give the redshift distributions of the various
classes. The redshift distributions for our samples are
0<z<3.1 and mean value is 0.80± 0.06. Mean values
for FSRQs and BL Lacs are 1.05± 0.07 and 0.33± 0.05
respectively. We can obtain that our samples contain
a wide range of redshift. For this we could exclude the
selection effect of redshift.
In Fig.2, we give the distributions of radio core lu-
minosity at 5 GHz. The radio core luminosity for
our samples is1040 ∼ 1045.5erg · s−1 and mean value is
1043.38±0.13erg · s−1. Mean values for FSRQs and BL
Lacs are 1043.94±0.09erg · s−1 and 1042.22±0.23erg · s−1.
Fig.3 shows the distribution of broad-line lumi-
nosity for our samples. The range of our sam-
ples is 1041.5 ∼ 1046.5erg · s−1. The mean value is
1044.51±0.11erg · s−1. Mean values for FSRQs and BL
Lacs are 1044.90±0.08erg · s−1 and 1043.20±0.20erg · s−1.
For our samples, we can see that the mean value broad-
line luminosity, FSRQs is larger than that of BL Lacs.
Fig.4 shows the distribution of black hole mass for
our sources. The black hole mass distributions for
our samples mainly are 107.4M⊙ ∼ 10
9.8M⊙ and mean
value is 108.63±0.05M⊙. Mean values for FSRQs and BL
Lacs are 108.78±0.05M⊙ and 10
8.38±0.07M⊙ respectively.
We find that the black hole mass is also contain a wide
range.
Fig.5 shows the distribution of intrinsic bolomet-
ric luminosity for our samples, which the distributions
mainly are 1042 ∼ 1048.8erg · s−1 and the mean value is
1045.36±0.13erg · s−1. Mean values for FSRQs and BL
Lacs are 1045.70±0.16erg · s−1 and 1044.72±0.19erg · s−1.
We can obtain that the mean intrinsic bolometric lumi-
nosity, FSRQs is larger than that of BL Lacs.
3.2 Broad-line luminosity vs radio core luminosity at
5 GHz
The broad-line luminosity can be taken as an indica-
tor of the accretion power of the source (Celotti et al.
1997). The radio core luminosity was believed to be
a straightforward indicator of jet power (Blandford &
Konigl 1979). We study the correlation between broad-
line emission and radio core emission for our samples
which detected by Fermi LAT.
Using the data of Table 1 and adopting the ordi-
nary least-squares(OLS) method to fitting the relation
between LBLR and L
C
R, we give the result of linear re-
gression analysis as follows:
LogLBLR = (0.81± 0.06)L
C
R + (9.17± 2.93) (6)
With a correlation coefficient r=0.79 and a chance pos-
sibility p<0.0001; the slope of the linear regression
equation is 0.81± 0.06 and close to 1. Fig.6 shows the
relation between broad-line luminosity and the radio
core luminosity. As a comparison to the result of linear
regression, we also using the OLS method to analysis
the correlation between broad-line emission and radio
core emission for BL Lacs and FSRQs separately. With
correlation coefficient r=0.89 for BL Lacs and r=0.69
for FSRQs, chance possibility p<0.0001; the slope of
the linear regression equation are 0.64± 0.07 for BL
Lacs and 0.60± 0.08 for FSRQs. It is well known that
the use of luminosity instead of flux often introduces
a redshift bias to the data. As point out by Padovani
(1992), the luminosity was strongly correlated with red-
shift and would lead a spurious correlation. So we adopt
a Pearson partial correlation analysis in our analysis
to exclude the redshift effect. The linear correlation
coefficient between LogLBLR and L
C
R with the effect
of redshift exclude is r=0.58 and a chance probabil-
ity of p = 3.17× 10−9. The linear correlation coeffi-
cient between LogLBLR and L
C
R with the effect of red-
shift exclude are r=0.69 and a chance probability of
p = 7.70× 10−4 for BL Lacs and r=0.49 and a chance
probability of p = 1.88× 10−5 for FSRQs. The corre-
lation between broad-line and radio core emission sug-
gests a close link between the formation of jets and
accretion onto the central Black Hole in our work.
3.3 The Black Hole Mass vs the intrinsic bolometric
luminosity
The intrinsic bolometric luminosity also is an important
parameter for understanding the nature of blazars. Xie
et al. (2004) was based on the variation timescale esti-
mated the black hole mass and used δ3+α to exclude the
beaming effect. Where δ is the Doppler factor and α
is the spectral index. Because of observing bolometric
luminosity must be corrected for the Doppler effect. So
Xie et al. (2004) used the observed luminosity to divide
the δ3+α to exclude the beaming effect and studied the
mass-luminosity relation.
In this part, we use another theory to obtain the
intrinsic bolometric luminosity in section 2.3. in sec-
tion 2.4, we give the approach to obtain the black hole
mass and study the relation between the intrinsic bolo-
metric luminosity and the black hole mass. Using the
OLS method to fitting the relation between the intrinsic
bolometric luminosity and the black hole mass. Fig.7
6shows the relation between the intrinsic bolometric lu-
minosity and the black hole mass. The result of linear
regression analysis as follows:
Log
Lin
L⊙
= (0.95± 0.26)Log
M
M⊙
+ (3.53± 2.24) (7)
The Pearson correlation is r=0.337 for and probability
is p = 3.882× 10−4. The analysis results indicate that
there is high significant correlation between intrinsic
bolometric luminosity and the black hole mass. From
Fig.7, we can see that the data points have large scatter.
For this, we also use the Spearman correlate analysis.
The Spearman correlation is r=0.382 for and probabil-
ity is p = 4.892× 10−5. The analysis results indicate
that the correlation between intrinsic bolometric lumi-
nosity and the black hole mass really exist. This means
that there is a significant correlation between the black
hole mass and the intrinsic bolometric luminosity in FS-
RQs and BL Lacs of our Fermi samples. In addition,
we can obtain that FSRQs occupy the region of high
luminosity and larger mass and BL Lacs occupy the
region of low luminosity and smaller mass while some
FSRQs and BL Lacs occupy the region of intermediate
luminosity and mass.
From equation (7), we have
Lin
L⊙
∝ (
M
M⊙
)0.95±0.26 (8)
We can observe that the mass-luminosity relation for
Fermi blazars derived in this work is a powerlaw relation
similar to that for main-sequence stars.
3.4 The accretion rates vs the intrinsic bolometric
luminosity
The accretion rate is an important parameter for under-
standing the nature of blazars. Xie et al. (2004) based
on accretion disk theory and the relativistic beaming
model of blazars, used the total bolometric observed
luminosity divided by δ3+α and Eddington luminosity
estimated the accretion rates. In section 2.4, we give the
way how to estimate the accretion rates in this work.
So we recalculate the accretion rates for our samples.
From Table 1 of column (13), we give the accretion
rates. From Table 1 and Fig. 8, we can obtain that the
accretion rates of FSRQs and BL Lacs are quite differ-
ent for our Fermi blazars. FSRQs have high luminosity
and higher accretion rates than that of BL Lacs. The
same trend has also been found by Xie et al. (2004)
and O’Dowd et al. (2002) in their research.
4 DISCUSSIONS
4.1 The Broad-line luminosity and radio core
luminosity
From our results of in section 3.2, we can see that
the correlation between broad-line luminosity and ra-
dio core luminosity is significant which supports that
jets has a close link with accretion onto the central BH.
According to Ghisellini (2006), if relativistic jets are
powered by a Poynting flux, under some reasonable as-
sumptions, the Blandford & Znajek (1977) power can
be written as:
LBZ ∼ 6× 10
20(
a
m
)2(
MBH
M⊙
)2B2erg · s−1 (9)
Where LBZ is the luminosity,
a
m is the specific black hole
angular momentum (∼ 1 for a maximally rotating BH),
and B is the magnetic field in Gauss. Assuming that
the value of the magnetic energy density UB ≡
B2
8pi , close
to the black hole which is a fraction εB of the available
gravitational energy:
UB = εB
GMBHρ
R
= εB
RSρc
2
2R
(10)
Where RS = 2GMBH/c
2 is Schwarzschild radius, ρ is
the mass density, R is the radius, c is the speed of light.
The density ρ is linked to the accretion rate M˙ through
M˙ = 2piRHρβrc (11)
Where βrc is the radial infalling velocity, H is the disk
thickness. The mass accretion rate M˙ is linked to the
observed luminosity produced by the disk
Ldisk = ηM˙c
2 (12)
So from equations (9)-(12), The BZ jet power can then
be written as:
LBZ,jet ∼ (
a
m
)2
R3S
HR2
εB
η
Ldisk
βr
(13)
Ghisellini (2006) gave the maximum BZ jet power and
can be written as:
Ljet ∼
Ldisk
η
(14)
In addition, based on the current theories of accretion
disks, the BLR is ionized by the accretion disk. So we
have
Ldisk ≈ 10LBLR (15)
7Based on the equations (14) and (15), we have
LBLR ∼ 0.1ηLjet (16)
From equation (16), we can have
LogLBLR = LogLjet + Logη + const (17)
From equation (17), we find that the theoretical
predicted coefficient of the LogLBLR ∼ LogLjet re-
lation is 1. Using linear regression analysis, we
have LogLBLR ∼ (0.81± 0.06)L
C
R for our Fermi blazars,
which is consistent with the theoretical predicted coef-
ficient of the LogLBLR ∼ LogLjet relation. So our re-
sults suggest that Fermi blazars jets are also powered
by energy extraction from a rapidly spinning black
hole through the magnetic field provided by the ac-
cretion disk. This supports the hypothesis provided
by Xie et al. (2007). Compared the results with Xie
et al. (2007), and we have a lager samples and all
blazar sources detected by Fermi LAT. Moreover we no-
tice that LogLBLR ∼ (0.64± 0.07)L
C
R for BL Lacs and
LogLBLR ∼ (0.60± 0.08)L
C
R for FSRQs. The slope of
the linear regression equations are 0.64± 0.07 for BL
Lacs and 0.60± 0.08 for FSRQs and not close to 1. The
possible reasons are that there is a clear segregation in
BLR luminosity betweenthe two classes or the samples
are not complete. At last, we should be caution in the
core luminosity at 5 GHz. The rapid variability and the
beaming effect may bring in uncertainties. For broad
line luminosity, it also is worth noting that BLR lu-
minosity is not a direct measure of the disc luminosity
and furthermore that it is possible that BL Lacs may
have a less luminous accretion disc (radiatively ineffi-
cient accretion flow) than FSRQs which would make it
difficult to estimate the accretion rate from the BLR or
disc luminosity.
4.2 The mass-luminosity relation and the accretion
rate
In section 3.3, we give the relation between black hole
mass and the intrinsic bolometric luminosity. Based on
the linear regression analysis, we obtain the relation of
equation (7). We also give the mass-luminosity relation
of equation (8). We obtain that there is a significant
correlation between the black hole mass and the intrin-
sic bolometric luminosity in FSRQs and BL Lacs of our
Fermi samples. Our results are consistent with Xie et
al. (2004). Xie et al. (2004) was based on the varia-
tion timescale estimated the black hole mass and used
δ3+α to exclude the beaming effect. But the variation
timescale and the δ can not obtain for most samples. So
in this work, we adopt another way to obtain the intrin-
sic bolometric luminosity and using another factor fb to
exclude the beaming effect. Compared with Xie et al.
(2004), for our results, from Fig. 7, we can see that the
data points have large scatter. But also have significant
correlation. For the data points have large scatter, the
probably reason is that we obtain the black hole mass,
intrinsic bolometric luminosity and using the beaming
factor are different from Xie et al. (2004). But we
have a lager samples and all sources detected by Fermi
LAT. From equation (8), we can observe that the mass-
luminosity relation for Fermi blazars derived in this
work is a powerlaw relation similar to that for main-
sequence stars. We should be caution in the black hole
mass estimated from virial method or relations of host
galaxies because of non-thermal dominance for blazars
and contamination of host galaxy light.
Xie et al. (2004) was based on accretion disk theory
and the relativistic beaming model of blazars, used the
total bolometric observed luminosity divided by δ3+α
and Eddington luminosity and got the intrinsic accre-
tion rates. In section 3.4, we study the relation between
accretion rates and the intrinsic bolometric luminosity.
We use our samples and recalculate the accretion rates
using the method of mentioned in section 2.4. We ob-
tain the similar results with Xie et al. (2004). For FS-
RQs the accretion rates are larger. A possible interpre-
tation of this phenomenon is the exhaustion of the gas
stockpile available for accretion in the host galaxy (Cat-
taneo et al. 1999; Haehnelt et al. 2000). Cattaneo et
al. (1999) and Haehnelt et al. (2000) argued that with
the gradual depletion of the gas, FSRQs (mainly fueled
by accretion) will switch to BL Lac objects (mostly fed
by Kerr black hole rotational energy extraction via the
BZ mechanism). However, for intrinsic bolometric lu-
minosity, the variability and beaming factor estimated
can lead to uncertainty.
In this paper, our results match that the theoreti-
cal/observational accretion rates proposed in the dual
jet theories (Punsly 1996a; 1996b). In the dual jet the-
ories, the evolutionary sequence from FSRQs to BL Lac
objects. (Punsly 1996a; 1996b). Vagnetti et al. (1991).
pointed out that accretion rate is the most strongly
evolving parameter in a unified scheme for AGNs. The
relation between the accretion rate and the intrinsic
bolometric luminosity also show that FSRQs occur in
the earlier, violent phase of the blazar evolutionary se-
quence, while BL Lac objects occur in the late. This
evidence suggests that the evolutionary track of AGNs
is from FSRQs to BL Lac objects. This result is con-
sistent with Xie et al. (2004). So the accretion rate is
an important parameter for understanding the nature
of blazars.
85 CONCLUSIONS
In this work we have analyzed a large sample of blazars
detected by Fermi LAT. Our main results are the fol-
lowing:
(1) We study the relation between broad-line lumi-
nosity and radio core luminosity at 5 GHz. A strong
correlation between broad-line luminosity and radio
core luminosity is found for our samples detected by
Fermi LAT suggest that a close link between the forma-
tion of jets and accretion onto the central Black Hole.we
have LogLBLR ∼ (0.81± 0.06)L
C
R for our samples. The
slope of our results is 0.81±0.06 , which is very close to
1. There is a significant correlation between broad-line
luminosity and radio core luminosity, with the effect
of redshift exclude, r=0.58 and a chance probability of
p = 3.17× 10−9. Our results provide support for the
theories of jet-disk symbiosis of Ghisellini (2006) and
Maraschi & Tavecchio (2003). From Fig.6, we can see
that BL Lac objects appear to lie on the same linear
correlation with powerful quasars, and supporting the
view that these two classes of blazars have similar jets.
Our results support the unification of the two classes of
sources into a single Fermi blazar population.
(2) The correlation between the intrinsic bolomet-
ric luminosity and the black hole mass which supports
mass-luminosity relation for Fermi blazars derived in
this work is a powerlaw relation similar to that for main-
sequence stars. The result of linear regression analy-
sis between the intrinsic bolometric luminosity and the
black hole mass give the Pearson correlation is r=0.337
for and probability is p = 3.882× 10−4. We also use the
Spearman correlate analysis. The Spearman correla-
tion is r=0.382 for and probability is p = 4.892× 10−5.
This means that there is a significant correlation be-
tween the black hole mass and the intrinsic bolometric
luminosity in FSRQs and BL Lacs of our Fermi sam-
ples. In addition, we can obtain that FSRQs occupy
the region of high luminosity and larger mass and BL
Lacs occupy the region of low luminosity and smaller
mass while some FSRQs and BL Lacs occupy the region
of intermediate luminosity and mass.
(3) We study the relation between accretion rates
and the intrinsic bolometric luminosity. We obtain that
the accretion rates of FSRQs and BL Lacs are quite dif-
ferent for our Fermi blazars. FSRQs have high luminos-
ity and higher accretion rates than that of BL Lacs. For
FSRQs the accretion rates are larger. A possible inter-
pretation of this phenomenon is the exhaustion of the
gas stockpile available for accretion in the host galaxy
(Cattaneo et al. 1999; Haehnelt et al. 2000). We obtain
that the evolutionary track of AGNs is from FSRQs to
BL Lac objects.
Acknowledgements We thank the anonymous ref-
eree for valuable comments and suggestions. We are
very grateful to the Science Foundation of Yunnan
Province of China(2012FB140,2010CD046). This work
is supported by the National Nature Science Founda-
tion of China (11063004, 11163007,U1231203), and the
High-Energy Astrophysics Science and Technology In-
novation Team of Yunnan Higher School and Yunnan
Gravitation Theory Innovation Team (2011c1). This
research has made use of the NASA/IPAC Extragalac-
tic Database (NED), that is operated by Jet Propulsion
Laboratory, California Institute of Technology, under
contract with the National Aeronautics and Space Ad-
ministration.
9References
Abdo, A. A., Ackermann,M., Ajello,M., et al. 2009, Astro-
phys. J., 700, 597
Abdo, A. A., Ackermann,M., Ajello,M., et al. 2010, Astro-
phys. J., 715, 429
Ackermann,M., Ajello, M., Allafort, A., et al. 2011, Astro-
phys. J., 743, 171
Aller, M. F., Aller, H. D., & Hughes, P. A. 1992, Astro-
phys. J., 399, 16
Aller, M. F., Aller, H. D., Hughes, P. A., & Latimer, G. E.
1999,Astrophys. J., 512, 601
Aller, M. F., Aller, H. D., & Hughes, P. A. 2003, Astro-
phys. J., 586, 33
Andruchow, I., Romero, G. E., & Cellone, S. A. 2005, As-
tron. Astrophys., 442, 97
Blandford, R. D., & Konigl, A. 1979, Astrophys. J., 232, 34
Blandford, R. D., & Payne, D. G. 1982, Mon. Not. R. As-
tron. Soc., 199, 883
Blandford, R. D., & Znajek, R. J. 1977, Mon. Not. R. As-
tron. Soc., 179, 433
Bo¨ttcher, M., & Dermer C. D. 2002, Astrophys. J., 564, 86
Caccianiga, A.,& Marcha, M. J. M. 2004, Mon. Not. R.
Astron. Soc., 348, 937
Cao, X. W. & Jiang, D. R. 1999, Mon. Not. R. Astron. Soc.,
307, 802
Cattaneo, A., Haehnelt, M. G., & Rees, M. J. 1999, Mon.
Not. R. Astron. Soc., 308, 77
Cellone, S. A., Romero, G. E., & Araudo, A. T. 2007, Mon.
Not. R. Astron. Soc., 374,357
Celotti, A., Padovani, P., & Ghisellini, G. 1997, Mon. Not.
R. Astron. Soc., 286, 415
Chai B., Cao X., & Gu M., 2012, Astrophys. J., 759, 114
Cheng, K. S., Zhang, X. & Zhang, L. 2000, Astrophys. J.,
537, 80
Cooper, N. J.; Lister, M. L.; & Kochanczyk, M. D. 2007,
Astrophys. J. Suppl. Ser., 171, 376
Czerny, B., Rozanska, A., & Kuraszkiewicz, J. 2004, Astron.
Astrophys., 428, 39
D’Elia, V., & Cavaliere, A. 2001, in ASP. Conf. Ser. 227,
Blazar Demographics and Physics, ed.P. Padocani & C.
M. Urry (SanFrancisco: ASP) 252
Dodson, R., Fomalont, E. B., Wiik, K. et al. 2008, Astro-
phys. J. Suppl. Ser., 175, 314
Falcke H., & Biermann P.L., 1995, Astron. Astrophys., 293,
665
Fan, J. H., Yang, J. H., Tao, J., Huang, Y., & Liu, Y. 2010,
Publ. Astron. Soc. Jpn., 62,211
Finke, J. D. 2013, Astrophys. J., 763, 134
Francis P.J., Hewett P.C., Foltz C.B., Chaffee F.H., Wey-
mann R.J. & Morris S.L., 1991, Astrophys. J., 373, 465
Ghisellini G., Tavecchio F., & Ghirlanda G., 2009, Mon.
Not. R. Astron. Soc., 399, 2041
Ghisellini G., Tavecchio F., Foschini L., & Ghirlanda
G.,2011, MNRAS, 414, 2674
Ghisellini G., Tavecchio F., Foschini L., Ghirlanda G.,
Maraschi L., & Celotti A., 2010, Mon. Not. R. Astron.
Soc., 402, 497
Ghisellini, G. 2006, in Proc.VI Microquasar Workshop: Mi-
croquasars and Beyond,http://pos.sissa.it//archive/conferences/033/027/MQW6 027.pdf
Ghisellini, G., Celotti, A., Fossati, G., Maraschi, L., & Co-
mastri, A. 1998, Mon. Not. R. Astron. Soc., 301, 451
Giroletti, M.; Giovannini, G.; Taylor, G. B.; Falomo,
R.,2004,Astrophys. J., 613,752
Gu, M. F., Cao, X. W. & Jiang, D. R. 2009, Mon. Not. R.
Astron. Soc., 396, 984
Haehnelt, M. G., & Kauffmann, G., 2000, Mon. Not. R.
Astron. Soc., 318, 35
Hovatta T., Valtaoja E., Tornikoski M., & Lahteenmaki A.,
2009, Astron. Astrophys., 494, 527
Jorstad S.G. et al., 2005, Astrophys. J., 130, 1418
Jorstad, S. G.; & Marscher, A. P.; 2004, Astrophys. J., 614,
615
Laurent-Muehleisen, S. A.; Kollgaard, R. I. et al. 1997, As-
tron. Astrophys. Suppl. Ser., 122, 235
Liu Y., Jiang D.R., & Gu M.F., 2006, Astrophys. J., 637,
669
Maraschi, L., & Tavecchio, F. 2003, Astrophys. J., 593, 667
Meyer, E. T.; Fossati, G. 2011, Astrophys. J., 740, 98
Nemmen R.S., Georganopoulos M., Guiriec S., Meyer E.T.,
Gehrels N., & Sambruna R.M., 2012, Science, 338, 1445
O’Dowd, M., Urry, C. M., & Scarpa, R., 2002, Astrophys. J.,
580, 96
Padovani, P. 1992, Astron. Astrophys., 256, 399
Padovani, P. 1992, Mon. Not. R. Astron. Soc., 257, 404
Padovani, P., Giommi, P., 1995, Astrophys. J.. 444, 567
Punsly, B. 1996a, Astrophys. J., 473, 152
Punsly, B. 1996b, Astrophys. J., 473, 178
Pushkarev A.B., Kovalev Y.Y., Lister M.L., & Savolainen
T., 2009, Astron. Astrophys., 507, L33
Rawlings S., & Saunders R., 1991, Nature, 349, 138
Sambruna, R. M., Maraschi, L., & Urry, C. M. 1996, Astro-
phys. J., 463, 444
Sbarrato T., Ghisellini G., Maraschi L., & Colpi M.,
2012,Mon. Not. R. Astron. Soc., 421, 1764
Serjeant S., Rawlings S., & Maddox S.J., 1998, Mon. Not.
R. Astron. Soc., 294, 494
Shaw M.S., Romani R.W., Cotter G. et al., 2012, Astro-
phys. J., 748, 49
Shen Y., Richards G.T., Strauss M.A. et al., 2011, Astro-
phys. J. Suppl. Ser., 194, 45
Urry C.M & Padovani P., 1995, Publ. Astron. Soc. Pac.,
107, 803
Vagnetti, F., Cavaliere, A., & Giallongo, E. 1991, Astro-
phys. J., 368, 366
Venters, T.M., Pavlidou, V., Reyes, L.C. 2009, Astro-
phys. J., 703, 1939
Wajima, K; Bignall, H. E.; 2006, Publ. Astron. Soc. Jpn.,
58,223
Wang J.M., Luo B., & Ho L.C., 2004, Astrophys. J., 615,
L9
Woo J.H., & Urry C.M., 2002, Astrophys. J., 579, 530
Xie G.Z., Dai H., & Zhou S.B., 2007, Astron. J., 134, 1464
Xie, G. Z., Dai, B. Z., Liang, E. W., Ma, L., & Jiang, Z. J.
2001, Publ. Astron. Soc. Jpn.,53, 469
Xie, G. Z.; Zhou, S. B. & Liang, E. W. 2004, Astron. J.,
127,53
Xiong, D. R., & Zhang, X., 2014, Mon. Not. R. Astron.
Soc., 441,3375
Zhang J., Liang E.W., Zhang S.N., & Bai J.M., 2012, As-
trophys. J., 752, 157
Zheng, Y. G., Zhang, X., Bi, X. W., et al. 2008, Mon. Not.
R. Astron. Soc., 385, 823
Zhou M., & Cao X., 2009, RAA, 9, 293
This manuscript was prepared with the AAS LATEX macros v5.2.
10
0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0
0
2
4
6
8
10
12
 
 
 N
Z
Fig. 1 Distributions of redshift for Fermi blazars.BL
Lacs(dash line), FSRQs(solid line)
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Fig. 2 Distributions of core luminosity at 5 GHz(LCR) for
Fermi blazars. The meanings of different lines are as same
as Fig.1.
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Fig. 3 Distributions of broad-line luminosity (LBLR) for
Fermi blazars.The meanings of different lines are as same as
Fig.1.
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Fig. 4 Distributions of Black Hole Mass for Fermi blazars
in units of M⊙. The meanings of different lines are as same
as Fig.1.
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Fig. 5 Distributions of intrinsic bolometric luminosity for
Fermi blazars. The meanings of different lines are as same
as Fig.1.
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Fig. 6 The relation between broad-line lumi-
nosity and the radio core luminosity for Fermi
blazars. We give the result of linear regression
LogLBLR = (0.81 ± 0.06)L
C
R + (9.17 ± 2.93) and the
slope of the linear regression equation is 0.81 ± 0.06 and
close to 1. BL Lacs(filled points), FSRQs(open circles).
The black line is the result of linear regression.
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Fig. 7 The relation between the intrinsic bolometric lumi-
nosity and the black hole mass. We give the result of linear
regressionLog Lin
L⊙
= (0.95 ± 0.26)Log M
M⊙
+ (3.53± 2.24).
The Pearson correlation is r=0.337. The Spearman
correlation is r=0.382. The meanings of different symbols
and line are as same as Fig.6.
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Fig. 8 The relation between the intrinsic bolometric lumi-
nosity and the accretion rates. The accretion rates of FSRQs
and BL Lacs are quite different for our Fermi blazars. FS-
RQs have high luminosity and higher accretion rates than
that of BL Lacs.The meanings of different symbols are as
same as Fig.6.
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2
Table 1 The sample of 111 Fermi blazars
Fermi Name other name Type Redshift Flux5GHzcore Ref LogMBH Logfb LogLpeak LogL
iso LogLinbol LogLBLR Log
M˙
M˙Edd
(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) (13)
2FGLJ0108.6+0135 0106+013 bzq 2.107 1.35 1 8.83 -3.21 47.50 48.64 45.46 46.13 1.191
2FGLJ0113.7+4948 0110+495 bzq 0.389 0.68 2 8.34 -2.03 45.25 45.75 43.84
2FGLJ0136.9+4751 0133+476 bzq 0.859 1.882 3 8.52 -2.62 46.50 47.57 44.99 44.44 -0.185
2FGLJ0237.8+2846 0234+285 bzq 1.213 0.54 1 9.22 -2.52 46.98 47.78 45.32 45.31 -0.019
2FGLJ0238.7+1637 0235+164 bzb 0.940 1.75 4 9.07 -2.66 47.09 47.38 44.90 43.92 -1.267
2FGLJ0259.5+0740 0256+075 bzq 0.893 0.44 1 -2.40 46.10 46.62 46.73 43.50
2FGLJ0303.5-6209 PKS 0302-623 bzq 1.348 1.68 1 9.76 -2.68 46.72 47.40 44.81 45.65 -0.227
2FGLJ0310.0-6058 PKS 0308-611 bzq 1.479 0.33 1 8.87 -2.75 46.62 47.58 44.88 44.88 -0.105
2FGLJ0339.4-0144 0336-019 bzq 0.852 1.13 1 8.94 -3.03 46.64 46.96 44.10 45.00 -0.049
2FGLJ0405.8-1309 0403-132 bzq 0.571 4.188 3 9.08 -2.17 46.33 45.95 46.48 45.25 0.061
2FGLJ0416.7-1849 0414-189 bzq 1.536 0.2 1 -2.66 46.96 47.37 44.84 44.54
2FGLJ0423.2-0120 0420-014 bzq 0.916 2.898 3 8.81 -2.40 46.91 47.62 45.30 44.90 -0.026
2FGLJ0428.6-3756 PKS0426-380 bzb 1.111 0.68 1 8.60 -3.00 46.92 48.37 48.38 44.04 -0.673
2FGLJ0442.7-0017 0440?003 bzq 0.844 2.21 1 8.46 -2.72 46.47 47.57 47.60 44.79 0.219
2FGLJ0501.2-0155 0458-020 bzq 2.291 1.029 3 8.97 -2.74 47.59 48.02 45.42 45.30 0.225
2FGLJ0530.8+1333 0528+134 bzq 2.060 0.23 1 9.80 -2.96 47.36 48.32 45.41
2FGLJ0532.7+0733 OG 050 bzq 1.254 1.532 3 8.43 -2.80 47.12 47.78 45.07 44.86 0.320
2FGLJ0608.0-0836 0605-085 bzq 0.872 1.184 3 8.63 -3.01 46.88 47.03 44.25 44.97 0.224
2FGLJ0654.5+5043 GB6 J0654+5042 bzq 1.253 0.3133 5 8.33 -1.90 46.54 45.17 44.66 43.97 -0.465
2FGLJ0710.5+5908 0706+591 bzb 0.125 0.0338 6 8.26 -1.74 45.24 44.70 45.35
2FGLJ0721.9+7120 0716+714 bzb 0.300 0.6 2 8.10 -2.32 45.77 46.78 44.50
2FGLJ0738.0+1742 0735+178 bzb 0.424 1.29 2 8.30 -2.38 45.80 46.57 46.64
2FGLJ0739.2+0138 0736+017 bzq 0.189 0.6 1 8.11 -2.74 45.10 45.65 43.02 44.19 -0.029
2FGLJ0746.6+2549 B2 0743+25 bzq 2.979 0.325 2 9.41 -3.11 47.37 48.52 45.43 45.47 -0.056
2FGLJ0747.7+4501 B3 0745+453 bzq 0.192 0.051 2 8.54 -1.77 44.90 44.78 45.14 44.34 -0.314
2FGLJ0750.6+1230 0748+126 bzq 0.889 1.06 1 8.15 -2.52 46.58 46.99 44.62 44.95 0.686
2FGLJ0757.1+0957 0754+100 bzb 0.266 1.25 2 8.20 -2.97 45.78 45.72 43.08
2FGLJ0809.8+5218 1ES 0806+524 bzb 0.138 0.066 6 8.90 -1.89 45.13 45.14 45.43
2FGLJ0824.7+3914 4C +39.23 bzq 1.216 0.88 2 8.55 -2.51 46.90 46.98 44.73 44.83 0.170
2FGLJ0824.9+5552 OJ 535 bzq 1.418 1 2 9.26 -2.73 47.03 47.53 44.92 45.31 -0.063
2FGLJ0825.9+0308 0823+033 bzb 0.506 0.9 1 8.83 -2.14 46.65 45.86 46.72 43.37 -1.570
2FGLJ0830.5+2407 B2 0827+24 bzq 0.940 1.359 7 8.95 -3.10 46.45 47.17 44.15 44.98 -0.086
2FGLJ0831.9+0429 PKS 0829+046 bzb 0.174 0.71 1 8.63 -2.08 45.25 45.68 45.82 42.57 -2.176
2FGLJ0834.3+4221 OJ 451 bzq 0.249 0.31 2 9.68 -1.93 45.22 45.24 45.53 43.07 -2.724
2FGLJ0841.6+7052 0836+710 bzq 2.172 3.743 2 9.36 -3.20 47.90 48.36 45.29 46.43 0.956
2FGLJ0854.8+2005 0851+202 bzb 0.306 2.3 2 8.56 -2.23 46.06 46.12 44.16 43.21 -1.472
2FGLJ0903.4+4651 S4 0859+470 bzq 1.466 1.645 2 9.25 -2.51 46.99 46.95 47.27 45.26 -0.100
2FGLJ0909.1+0121 0906+015 bzq 1.024 1.002 2 9.00 -2.74 46.59 47.60 47.64 45.17 0.052
2FGLJ0917.0+3900 S4 0913+39 bzq 1.267 0.62 2 8.62 -1.93 46.27 46.95 47.03 44.80 0.070
2FGLJ0920.9+4441 B3 0917+449 bzq 2.190 1.311 2 9.28 -3.12 47.49 48.72 48.74 45.78 0.380
2FGLJ0937.6+5009 CGRaBS J0937+5008 bzq 0.275 0.217 2 7.90 -1.84 44.57 45.25 43.49 43.12 -0.885
2FGLJ0948.8+4040 4C +40.24 bzq 1.249 0.7 1 8.95 -3.28 46.95 46.98 43.98 45.50 0.438
2FGLJ0956.9+2516 0953+254 bzq 0.707 0.37 1 8.88 -2.41 46.11 46.67 46.78 44.93 -0.062
2FGLJ0957.7+5522 4C+55.17 bzq 0.896 2.568 2 8.34 -2.77 46.78 47.70 47.75 44.58 0.131
2FGLJ0958.6+6533 0954+658 bzb 0.368 0.477 4 8.52 -2.18 45.88 45.98 46.23 42.53 -2.104
2FGLJ1001.0+2913 GB6 J1001+2911 bzb 0.558 0.142 2 7.48 -2.21 45.90 46.20 44.17 43.06 -0.526
2FGLJ1014.1+2306 4C+23.24 bzq 0.566 0.99 1 8.51 -2.21 45.91 46.07 46.30 44.89 0.270
2FGLJ1015.1+4925 1ES 1011+496 bzb 0.212 0.242 2 8.30 -2.11 45.78 45.93 44.06
2FGLJ1017.0+3531 B2 1015+35 bzq 1.228 0.9 2 9.10 -2.54 46.62 47.04 44.64 45.34 0.129
2FGLJ1043.1+2404 B2 1040+024 bzb 0.559 0.609 2 8.09 -2.18 46.31 46.13 44.35 43.66 -0.547
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Table 1—Continued
Fermi Name other name Type Redshift Flux5GHzcore Ref LogMBH Logfb LogLpeak LogL
iso LogLinbol LogLBLR Log
M˙
M˙Edd
(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) (13)
2FGLJ1057.0-8004 PKS1057-79 bzb 0.581 2.43 1 8.80 -2.33 46.28 46.52 44.38 43.76 -1.151
2FGLJ1058.4+0133 1055+018 bzb 0.888 2.642 2 8.41 -2.19 47.11 47.42 45.40 44.51 -0.011
2FGLJ1104.4+3812 Mkn 421 bzb 0.030 0.2 6 8.15 -1.80 44.72 44.88 45.11 41.70 -2.567
2FGLJ1130.3-1448 1127?145 bzq 1.184 1.89 1 9.18 -2.76 47.36 47.68 47.85 45.77 0.476
2FGLJ1136.7+7009 Mrk 180 bzb 0.045 0.0827 6 8.21 -1.45 44.46 43.85 44.56
2FGLJ1159.5+2914 4C+29.45 bzq 0.724 2.24 1 8.50 -3.10 46.33 47.31 44.25 44.68 0.068
2FGLJ1203.2+6030 GB6 J1203+6031 bzb 0.066 0.146 2 8.05 -1.48 43.95 43.95 42.77
2FGLJ1217.8+3006 1215+303 bzb 0.130 0.276 6 8.12 -1.90 45.51 45.18 45.67
2FGLJ1219.7+0201 PKS 1217+02 bzq 0.241 0.257 2 8.87 -1.89 45.46 45.14 45.63 44.83 -0.154
2FGLJ1221.3+3010 1ES 1218+304 bzb 0.184 0.0398 6 8.60 -2.05 45.39 45.61 45.81
2FGLJ1221.4+2814 1219+285 bzb 0.102 0.94 2 7.70 -1.91 44.68 45.18 45.30 42.25 -1.564
2FGLJ1222.4+0413 4C+04.42 bzq 0.965 0.665 2 8.31 -2.65 46.57 47.36 47.42 44.91 0.495
2FGLJ1224.9+2122 4C+21.35 bzq 0.432 0.35 1 8.74 -3.61 46.06 47.50 43.91 45.18 0.333
2FGLJ1229.1+0202 1226+023 bzq 0.158 26.4 2 8.51 -2.58 46.11 46.34 43.96 45.54 0.911
2FGLJ1258.2+3231 B2 1255+32 bzq 0.806 0.894 2 8.50 -2.31 46.08 46.46 44.30 44.41 -0.197
2FGLJ1310.6+3222 1308+326 bzq 0.996 1.97 2 8.48 -2.99 46.88 47.56 44.65 44.98 0.386
2FGLJ1317.9+3426 B2 1315+34A bzq 1.056 0.35 2 9.22 -2.37 46.35 46.53 46.75 45.08 -0.248
2FGLJ1326.8+2210 B2 1324+22 bzq 1.400 1.134 3 9.25 -2.77 46.79 47.69 47.74 44.93 -0.429
2FGLJ1332.7+4725 B3 1330+476 bzq 0.668 0.312 2 8.27 -2.16 45.91 46.07 44.14 44.32 -0.065
2FGLJ1419.4+3820 B3 1417+385 bzq 1.831 0.514 3 8.62 -2.73 46.97 47.58 47.67 45.10 0.371
2FGLJ1428.0-4206 1424-418 bzq 1.522 1.37 1 -3.02 46.86 48.43 48.44 44.95
2FGLJ1428.6+4240 1426+428 bzb 0.129 0.0191 6 9.13 -1.67 45.15 44.81 43.64
2FGLJ1442.7+1159 1440+122 bzb 0.163 0.0172 6 8.44 -1.65 45.10 44.75 43.62
2FGLJ1504.3+1029 PKS 1502+106 bzq 1.839 0.56 1 9.11 -2.66 47.40 49.12 46.47 45.23 0.014
2FGLJ1512.2+0201 PKS 1509+022 bzq 0.219 0.13 2 8.42 -2.01 45.11 45.48 45.63 43.02 -1.505
2FGLJ1517.7-2421 1514-241 bzb 0.049 1.948 6 7.65 -1.67 44.29 44.50 44.71
2FGLJ1522.7-2731 PKS1519-273 bzb 1.294 1.6 1 8.80 -2.78 47.16 47.66 45.00 43.53 -1.382
2FGLJ1535.4+3720 RGB J1534+372 bzb 0.142 0.02 2 7.84 -1.52 44.01 44.42 43.05
2FGLJ1549.5+0237 1546+027 bzq 0.414 1.147 2 8.62 -2.27 45.62 46.26 46.35 44.80 0.073
2FGLJ1550.7+0526 4C+05.64 bzq 1.422 0.58 1 9.18 -2.64 47.13 47.33 47.54 45.07 -0.225
2FGLJ1608.5+1029 4C+10.45 bzq 1.226 0.42 1 8.97 -2.85 46.80 47.56 44.78 45.04 -0.045
2FGLJ1613.4+3409 1611+343 bzq 1.397 3.366 2 9.34 -2.11 47.40 46.98 45.43 45.61 0.154
2FGLJ1625.7-2526 1622-253 bzq 0.786 1.16 1 -2.69 46.55 47.44 44.80 43.64
2FGLJ1626.1-2948 1622?297 bzq 0.815 1.5 8 9.10 -2.54 47.02 47.04 44.80
2FGLJ1653.9+3945 Mkn 501 bzb 0.034 0.491 6 8.84 -1.66 44.51 44.46 44.79 42.20 -2.746
2FGLJ1728.2+0429 1725+044 bzq 0.296 0.98 2 7.90 -2.11 45.24 45.78 45.89 44.07 0.056
2FGLJ1728.2+5015 I Zw 187 bzb 0.055 0.11 6 7.86 -1.44 44.48 43.83 44.57
2FGLJ1740.2+5212 1739+522 bzq 1.375 1.9 2 9.32 -2.81 46.99 47.83 47.89 45.16 -0.274
2FGLJ1751.5+0938 4C+09.57 bzb 0.322 1.695 2 8.41 -2.10 45.58 46.26 44.24 43.70 -0.828
2FGLJ1800.5+7829 CGRaBS J1800+7828 bzb 0.680 1.436 4 8.26 -2.25 46.83 47.08 45.02 44.85 0.477
2FGLJ1806.7+6948 3C 371 bzb 0.051 0.56 6 8.61 -0.34 44.40 44.42 44.37 42.00 -2.719
2FGLJ1824.0+5650 1823+568 bzb 0.664 1.12 2 9.26 -2.32 46.59 46.93 44.77 43.30 -2.074
2FGLJ1848.5+3216 B2 1846+32 bzq 0.798 0.508 2 8.04 -2.46 45.93 46.85 44.44 44.58 0.423
2FGLJ1849.4+6706 1849+670 bzq 0.657 0.666 2 9.14 -2.61 45.98 47.25 47.27 44.42 -0.836
2FGLJ2000.0+6509 1ES 1959+650 bzb 0.047 0.1817 6 8.10 -1.55 44.53 44.52 43.27
2FGLJ2009.5-4850 PKS 2005-489 bzb 0.071 0.64 1 8.54 -1.64 44.92 44.74 43.50 42.04 -2.616
2FGLJ2143.5+1743 OX 169 bzq 0.211 0.386 2 8.48 -2.19 45.06 46.01 46.06 44.26 -0.334
2FGLJ2148.2+0659 2145+067 bzq 0.990 5.25 1 8.87 -2.10 47.00 46.87 45.14 45.77 0.782
2FGLJ2157.9-1501 2155-152 bzq 0.672 2.654 3 7.59 -2.34 46.29 46.44 46.67 43.68 -0.022
2FGLJ2202.8+4216 BL Lac bzb 0.069 1.148 6 8.21 -1.77 45.14 45.16 43.68 42.52 -1.805
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Fermi Name other name Type Redshift Flux5GHzcore Ref LogMBH Logfb LogLpeak LogL
iso LogLinbol LogLBLR Log
M˙
M˙Edd
(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) (13)
2FGLJ2204.6+0442 2201+044 bzb 0.027 0.1313 6 8.10 -1.20 43.32 43.11 43.53
2FGLJ2211.9+2355 PKS 2209+236 bzq 1.125 0.428 3 8.46 -2.47 46.14 46.86 44.47 44.79 0.212
2FGLJ2225.6-0454 2223-052 bzq 1.404 6.935 3 8.42 -2.64 47.53 47.74 47.95 45.60 1.071
2FGLJ2229.7-0832 PKS 2227-08 bzq 1.560 0.924 3 8.79 -2.30 47.20 48.26 46.00 45.56 0.657
2FGLJ2232.4+1143 2230+114 bzq 1.037 1.44 1 8.78 -2.68 47.21 47.56 45.04 45.75 0.851
2FGLJ2236.4+2828 2234+282 bzb 0.795 1.87 1 8.35 -2.58 46.47 47.15 44.65 44.44 -0.028
2FGLJ2253.9+1609 2251+158 bzq 0.859 12.19 2 8.83 -2.88 47.22 48.79 45.92 45.59 0.646
2FGLJ2258.0-2759 2255-282 bzq 0.926 2.58 1 9.04 -2.65 46.48 47.35 47.40 45.84 0.686
2FGLJ2327.5+0940 PKS 2325+093 bzq 1.841 0.315 2 9.03 -2.97 47.06 48.14 45.21 45.20 0.061
2FGLJ2334.3+0734 TXS 2331+073 bzq 0.401 0.605 3 8.37 -2.14 45.44 45.87 46.01 44.93 0.448
2FGLJ2347.9-1629 2345-16 bzq 0.576 1.951 3 8.60 -2.36 46.17 46.50 46.67 44.36 -0.350
Note: (1) Dodson et al. (2008); (2) Laurent-Muehleisen et al. (1997); (3) Cooper et al. (2007); (4) Gu et al. (2009); (5) Caccianiga et al. (2004); (6) Giroletti et al. (2004);
(7) Jorstad et al. (2004).bzb=BL Lacs, bzq=FSRQs.
